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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a MRAM which can be 
reproduced without applying positive and negative current pulses 
and to provide a method for reproducing information of this MRAM 
and a reproducing device using only a positive pulse or a negative 
pulse. 

SOLUTION: A magnetic resistance effective memory has a 
magnetic resistance film consisting of a first magnetic layer, a non- 
magnetic layer, and a second magnetic layer formed on a substrate, 
a conductor line for recoding information arranged near this 
magnetic resistance film or a conductor line for both recording and 
reproducing information, and a magnetization fixing layer near a 
magnetic resistance film. The magnetization of a reproduction layer 
being one of magnetic layers of a magnetic resistance film is 
oriented in one direction by this magnetization fixing layer, the 
center of current magnetic field-MR ratio minor loop is shifted; and 
reproducing information can be performed by only a positive or 
negative current pulse. 
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**yBa»fcfcs*ssjsst«£. ME«£Ji<o«fls*rR] 

5 n t y . 

£ £^tt££ -T $fi *ii i {ce*k>«^s«:3&*> ^ y e 
^ Sr*S«£ -r-5»J*3S l iclE«<D«ft««:Sfc*^ y o 

(c*#»^E« 2 nr ^ 5 r. t z mm t -r z> m&m i 

[it *4i 5 ] mmm&m&mm> htzzzt 
fc+s«#*iicE*©««tttt»*> ^ y D 

CliMtt^^ ^ *:»«^ 1-6 O^-f 
;ft,£> i «{cia«co?Kftfia:Sfc*> ^ y e 

[»*«8l BMHfrffcBtfJia*, SUIS^SSlJ^^^ 
*46Iia*r*t S C i 1 6 © 

^r*ta> i 5Hcffi«^«swsa»*y * y D 

[»3JW19] iWEW«««t*l*>«ffc*i6ia*, ttfeflts 

^-r*u2> 1 3JI«cE*o«ft««:Sji»^ ^ y . 

teas** $ nr^5 - £ t -r s 7 icis^ob* 
ey 0 

8 1 wcE*o«fMStt3&*;rf * y D 

1 1 tciB^omftsttjtt*^ ^ y * 
i 3 ] m*gi i icE*o««is«;»*;< ^ y 

«Efi s^saftBjeairSr^r-rsaftiaaa**^* y 



(2) 4#SB 2001-195878 

r, 

i 6 ] m*« 1 3 ifctt 1 4 

20 [0 0 0 1 ] 

KcoSSfbi: ^ ^(c&jg^n^t'^ — ^^y y ^^;ufS] 

w^Scffift^^y ^ Lr*j,ffl-5rtB&«j8tis«:a*^*y 

[0 0 0 2 ] 

s * m.m^m <r> m ^ \$ $ « 

SSt^J^ (Giant Magneto Registance) ^ 
feooJ>5 0 BlTlwi3i^T«»«tt:K*:*J«Ufc^^y 
[0 0 0 3 ]MRAMT*I1 ~ OCOft^ftS ^ ^rOf^ (C 

^K-ii, ftKt«^*45a»**lfflbr, "o" , 

"1" O^^^IS^-f-^ e 

[0 0 0 4 ] ES$ttr^5«««rR^ffi"r«{cW[, W 

flMCftSrllflSLT, "0 M , "l ' cD#fg£§^fcbiro 
mramii f»«3ft««ftttU:E»*nsfcai), ^#t^ 

5^ r fct?a5««E»^»*^(T*.5©"e, ^^^CliDR 
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[0 0 0 5 ] MRAMCO®)^l?:^Ti^t e 1 5 
(a) 12, MRAMOM^flT^^o S^±(C, 

18 0, (57- K*> 5 10«H9it5* 

[ 0 0 0 6 J SI 1 B£f£g 1 Uf 2 B£ttJI 1 2 , 

oTl^o SSi:»lffi41l ICONICS i N^Ta§ 
[0 0 0 7 ] MRAMOEftif^li, • ^iZ^j&t 8 ** 

[0 0 0 8) 15 (b) II "0" S:»*5atp»-&S:^ 

i:f^iA^ix5 0 "0" r^^o 

[0 0 0 9 ] 15 (c) ft, "1" Sr»*&t?*frSr^ 

llttl 1 1 , 
y*T-*>-5»2«ttJB 1 3©*ft*|filt)«ffi±'efefRl# 

icS^&^itS* "1" -r*>5 0 

[0010] — S\ W£P**CWt, «#3&^jSft{C|5»Sct 

[0011] 15 (d) - (g) 12, ??£®jfF£r^-t-- 
acoit-feSo 115 (b) l£^-rj:5^ "0" 

nri^tii^^t, u is (a) 

£«iffi&ieu 15 (e) fete, #fcj£fp|£<^m^£ift 
[0012] is (d ) f^-TJ; 5lc, 

£ 0 C(75B£#3SMT?ttW^«r*>S»l«f4* l l «:« 
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12 "0" <D*lS|Sr«ofc**Tfc5. 15 (e) tZTF-t 

fc5«llttSl3(7)l^li "o" o*-f6j*«ofc** 
[0013] -0<Z>«ftJB<a«ft:#ft£ag^5^ ^ 
10 ^MUfc5#{C{2, Illtl 1 1 if 2lttll 3 0i 

[0014] *«c»#a^*^»LjRan«caa[*sjjc* 
ItSn £ JS2E3H4/I 1 3o*fk*ffijtt5pfT3Rttr*> 

[0015] — 15 ( c ) tc^-r^ 5 tc "1 " a*ts 

ot^«^«L, 15 (g) [CI2, 

[ 0 0 1 6 ] 1 5 ( f ) fc^-r J: 5 

£ e ~o^#T-J2, #4ST^5SlItti 1 1 tt«-fk 
*ma*S£flsL*^U ^^yir-*>5«2«ttii3w 

.70 Sfrffcfc "1" <D*ffiiS:«ofc**^a><5. 15 (g) \z. 

4iT-fcs»i«ttii lttw^sets^, 

19 "1" 0^fS]^i§:ofc^^r*^^ 0 

[0017] -oo^ttJBoB£-fk*-ifi](c:ag-r-5i:, * 
(CJ2, flflfcttJIl l £m2S£f£Jgl 3<0«<k*|RlttS 

[0018] eiM-<fcJ;5{c, »i^«»^^*r»# 

5^7 nr^s«*ds "o" "i" 
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[0019] ±IBOtb^RWCtt:»#a*«SrflSofc^ 

^*i4mr amomh^ Lt»^t?f4ft^ a mm. 

laotfl itate*^afb*KSS-fr5a#*>3S£tc 

[0 0 2 0 ] MR AM©*«S:ffl ^ IftftttO 

m&m^izx tr>*asL — estate* <aa*t*fn)£ 

-f hffbl^rffl^tCMR (Colossal Magnetoresistan 
ce) SfcJftffcS. 

[0021] ^ tr >«asT?wt*attJB ^cu ^<d^m 
®£Lt\ rotoittgfiw^ e>##1Rak:J: 9 gm 
R^mi"5o -i-tttt-h. attJBoaftoisj#36sspif* 

Jt-5#, aft^HC|fi|#^e>*:»o«-T-tt:1RaSn 
|Sj#^S3pffJfe»-&^W:, afti:n*|p)ft^ 

o &*u t^iMco^f^r^s 

**ttaft«aa*j: f?tt*#t^, ^trvh^^s 

[0022] * t'y/^^Hi jp^WtciS* trvifta 
-*o*atSJIfcfiai«ttJi*ft**te-& 

— *oattJi«>afk*fp)W:i*jci5HE'c#5 0 a^ttiR 
[0023] ^eyh^^ir-WMi^Wi: 

*ia«:#*36t»a-t-6. i-fttet>, att«^a-fbcofS]# 
ossatta^^i^r tr^co^iftjc, y^^tr 

< fc"?«tt#<E< 45o jS5(c, at£/I<z>a{t: 
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t'y^^MSoli^^ < * 
RSrtt^* t'^/Vu^M^r Lfca«««tflt*>W5e#, * 

[0024] y=7~^ 9-m\cn, *8ttiiLr4* 
#m l 7t fl * ofikinatttt-?- <o ^ tr > fete -5 « r- 

GMRSr«atS^*#4ffiaT-fc5o Co/AlO 
^ [ 0 0 2 5 ] CMRiT'll h^l(7)Mri 

[0 0 2 6 ] MRAMCfto^Ittttfi^lttf^T- 

Rffi^5p«&aftfiit»*:Woffirta{kflia 
Biffiic*iSfta<fcrt»S:i#oaai:a-fbflia^«c5>tf 

att<to«»^«tf ^a*w±*saft-5i^rsa#3&«* 
iB^fc^o a«fk»*iRiSr*iisu 

MRAMT'lWl^^Olj^fc^, ^^tyt/^ft 

5aatt«*5PffiW(wjs.r**t*:#o**t 

[0 0 2 7 ] — !i^ftg<i: ItTbFe, TbFe 
Co, GdFe^f±i-lM»^^7x^ 

tt#4r^t^5»*, ^ttbattffo*iSa«**tt3^i« 

*isi«w«Fo*ieaftRi:ft6. sa:a{bR^»-&(c^, 
aib^>*fpiwt, j8«tw*-*<>saff3a«*#i^Rffiaii[*' 

so < , y -t^co5Pffi^^«rjE*-»^-rsn ^^r-# 
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£ e 

[ 0 0 2 8 ] MRAMCjl!tt6««^iEU*, fcSlMi 

f?frC I P (Current In Plane) t . Hdt^ C P P (Cur 
rentPerpendicular to the Plane) t {C^cSU £ tl& 0 HI 

[0 0 2 9 ] 16 ( a ) {C^-Tcfc 5 t£, CIPH fl 

(c^Pff(c^ix^ 0 |6 (a) ir y^lo- *I4*|R 
r«lTi^ 0 CIPT'll ^ tf>*SLfi^«««tt 

0Q1S, ir V^j^Ov— hS£tte 0. 0 5Q£&5 o 

it, «««a«{b*tt 5-1 o%&mt* 

[0 0 3 0 ] 11 6 (b) {C^rTcfcplC, CPPIj:, » 1 

<D±^^mm^, m&iz.mm.jjfa^mtiZo me (b) 

-8\ 1 t/uogRttftk Q^bf +k QitOfiir-fc 
SCft*t 1 0-3 0%SSi:*«9 , ^ b°>m§LM^W:^ 

bits. 

[ 0 0 3 1 ] ^.coc P P«i£T-l3lr >^j»coS!S^^-fe: 

ffl«rfT5w£a*T-#5fc:fc, C I P*^£ ft^SNttiS 
<45o fi£oT, CI PSiS^tfc-i, C PPtaW 

t#-g-^tt, c i p^itJ: Dcp P«liao*A4**J^* 

<5 o 

[0 0 3 2 ] 
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S 

*Wftt»»«BtSZfe" 0" 1" «r«jBUr 

**»MUftttixliftb*ir\ y ^-v- 

rtl±i-«±tfH«i:ftS. *a**rrt)±S*5»«i:fc 

[0 0 3 3 ] *iS, y o*ijjb#3F£ irf-^ 

^-|:ftb 5 MP 3 yi/-t-^ai s nr^So MP 3 

CD, MDftifTttJSSixrt^flF**^ 
[0 0 3 4] MRAMt), : 9 LtMfffl--X|C*J 

[ 0 0 3 5 ] MRAMOfi^H4d5, jEA^i";h,J&>— * 

tM^^ ht>TA*«. *aAiRi±<o*J#b^ft< 
*t>, try hafc5*«o(s««rS*jc»d!>ic^^-5r 

[0 0 3 6] *«MttlWrE<0*JB4rW*i"S<><0^, * 

40 4^Itfe^MRAMCOm fcfcWC IE* 

^/u^o^^^T, :oMRAMOilS^ffit5^ 

MRAMftft^fSjiL, »52l§!B<OiKaMfcJ:* 

^ey ^MtSr^^@^^t5o 

[ 0 0 3 7 ] 

Mt 5 : ^ ^ < ^^Ji/jiMR AM$:M I, ^ixic 
5^7 £t>, MRAM^tt^fS]±L, «3aiaIB<DiBaiKi:*lc 
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V ^m^mt^o -fKio-h. TlBi-6 
(1) - (12) ©4HHcE«-#-6«««:*-»-S«*« 
y , (1 3) - (1 5) 60#Jg{C|S* 

ftbW: (16) i|IOTtMgtT^5o 
[0 0 3 8] (1) iSiCM^^f 

[ 0 0 3 9 ] ( 2 ) «nB«*tt»-fr*3a*295**-fr*T 

hzz.tz&mt'tzm (i) {ciattco^gstgi*^ 
^y 0 

[0040] (3) mia«*tttt**3ft«»«*-fr*tf 

*>5C£*r»«£i-5« (l) tcie^o^g^lM 

[0041] (4) miBs«fitt:M(c#bmex4K& 

(i) JclB*<D«ftatt»*^^ey 0 
[0 0 4 2] (5) *9lB*«ttJB3^»ft3&>fejfc5i:i: 
S:4»*i:-r*« (i) fcEtt^aSvffitt^*;*^. 

[0043] (6) mmm&m&i&m#t>>htezz. 
tz&mt-tzm (i) iciE«<o«ftsaa*^^y 0 
[0044] ( 7 ) mesftBSJi^, i»iB*«»a 

KfcWi:Ji«a*:*-r«r.4:*:»«i:-rS5| (i) - 

(6) <D\,^tifrimizum<om%m.$L$bWz**:v 0 
[0045] (8) nmmimti*m&* mia«*aa 

- (6) oir^Tn^iqiJciB«©«*««:»*>^-y D 
[oo46] ( 9 ) mEa*«aflio«ft*isj3&«, % 

- (8) »i^ix36»i WcB«o«*»«»*^*y. 

[0047] do) me«fte«:jRo«{bSAM«- 

ft£>*£ L £ffitffc@^;ia>ft£ P P/L>2. 5 

ofisH{cs4R^nr^s^^*»a^-rsii (7) ice 
[oo4 8] (id miaa*«aB(o*ft*iRi3&i, 

(1) - (6) (8) 0^-ftt^l^^tE«oa 

*y. 

[0049] (12) mum$zt&#imtifinmtm& 
i:-*-** (id icEttottftttttaK^y. 

[0050] (13) « ( 1 ) fcE*<D«*«*t»* 
[0 0 5 1 ] (14) «tt«/^«tt«/«ttJl^b 
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J»E«jEt«:a«5Se^iB«SixS* 
*^<J:, »E«*»«:»o--oo«ttJio«flsS6rrti«r- 

^ y ICjo^T, 8flE«*«ffiRO— oO»tt;i&??±Ji 
ttfeW^flHRSrEft-J-S^^y /I £ ITfl^T, S9E* 
ftilcl^^at, mE;**yJifcE»SJxTi^<5*«K 
©S4«:}Ti3*ttl:fe^T, mE*ff»*CjEAt^-fix 
#fi<o*<z>ttiS4:iffiU Sf|E««&ffiJKO|H«l£lifJ 

SfrEaftiaaiiRosstffi £ mE*»a*RP;DD s Jxr^4^ 
tt*icfe(tsmEa*attflt^aittt^o**-c*>s* 

ftSaMt*HiLr, E«S*tfc*«wW*«r<Ttt5 

[0 0 5 2 ] (15) ffjf5^^^TOD^nT^^^t*C 
m\^6^X. WEW&JB<o«ft3&4iWEaft«*t«^5S« 
fcRl* bnfcWE«ftH*Jio«fli*rtiJcErtJ**u«w 
^*r»»^-#--5JB (l 2) lc!Et^4^So 
itf [0053] (16) ? (13) , (14) 4fcf4 
(15) <Dt^-fJx)&»mrcE«+5W**ttt:tt^\ a 
ft«in:»** y (cE»**t51»«oW±S:ff ft 5 fc» 
IcJB S — # Ip] com^ 5 #S t «ft * 

[0 0 5 4 ] 

E»flM8£>#£B#M!7 — K«(c«t-r«*4r^/u^ 

[ 0 0 5 5 ] OTil^^T, :^s©mram 
[0056] ^ -rwe-fk t « , ^SSH^lfj: 

[0 0 5 7 ]filftl$«li, ^^5t^ift5I*tttt 

ltTR*Lfc«J*lftat»*:«tWU, flr-9-*rW*-T 
50 o^{fc^ft£-^ic^ot>oT-£>5 e c<o^#>. 
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[0 0 5 8 ] 

W*.«»W5pi 0-312514 *^«*^(C^3^rH 

[ 0 0 5 9 ] «ftHfiJl«cBBrt«ftKo^ tr^*SLfll*r 
ffl^ 9 , #«93^fN/B*R9!-t-5 0 mi 

M, ^^yt;uoftfijc^-?j^t 0 liSgffi, 11, 
2 1, 3 lliflCOMItl, 1 2, 2 2, 3 2^1 
ttg, 1 3, 2 3, 3 3lif 2 <Oit*tt«t?*>S 0 1 

1, 12, l 3***>*T«ft«ttBti 0^, 2 1, 2 

2, 2 3^bttiaftl£i2 3 1, 3 2, 3 
3^WTM^l3 0«|5jc^T^5o 4 1^ 

'<yyrm. 5 i wi»{ttl*/7t 6 **«5 i 

U BlTttA* < -T5£:«> 5 la£ 5 1 bfC#fiJLT^ 
[0 0 6 0 ] fiMR<7>E» ■ ISdfeBSMIiScHl 100 ^ ft 

{cttfbB£j| 2 o , m^mjm \ o , 300 

a, 1 0 1 b<Djjft\z9— \?mffi&ffi£tiz a 
i2oofi (D^m^m 21L ra^s^* 3ooii 

strata 1 1 is, ^o^fb^ia^-r^o fiMRcoisft * w 

[0 0 6 1 ] II 1 Jc*-rffirta-fkJRSrffi^fc«*»ttJB( 
100, ^^y-t/u^^s-fev^jBi^rpj^i^^L, « 

[0062] ::t\ p/l>2. 5 <7>S£ffi{c5t^-r£ 

-r ««a«:B!i oojBiatttjii 1 

li«3JBYk»ft;*rffi]*:fpji/^^{t;@^ 2 0^1/3 0 {eft 
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ssii o (7>*i«stt« 1 1 m±m) t^wmztizm, 

[0 0 6 3 ] ^or, «J)Hft«ft*fti:S»«>*»«r» 
WSlffi^MOfST- "o" 0>»^tti«««;a>fe<B; 

70 rnz>«««:«»tftffl-rn»*iKi*^ "o" t "i" o«SU 

[0 0 6 4 ] iioipi:, ffirtHkHio^ trvlRSL 
R*BS{k@«S^-r-5»-&, P/L132. 5X93:2^ 

ftftW^K^ftofc t? , ft — s^tf/hS < 

H£L<te, 2. 5—1 0OjgBt;iigJRi-<5£fil\, 
[0 0 6 5 ] L<hPI2, *«^OIEAl/^i"n^— *C0^ 

[0 0 6 6 ] ^oa«lcBLTBlSrffl^t* <btcf¥x£ 

r, ^t)tl^^^i^^js«i o, Mi 
*/i^«ft*|n)ttaMMfc 5 i «ii5!7- K«jffi<z>3g£ 

^#^-f^ 102a, 102b tm^<D-X% £(C£oT± 

[0067] £-r, sj«>^, f**os**-»-efcsEA 

^EP 1 0 laO^^]{C!7- 
K«*£j*r&»±+S**Mt*Bl l o 2 a *>*[R)tt:fc 

%m&m i i ossfbd^fn 102a ^fa^rrS] < 0 mi 
^ttii liaawms i ^TWift^fc^, *<nmt 

KW«t^PPl0 2b^ffi](:MTOU m 

i ziDmitijftwmwHtmfc&fab Lfc-x^ffi]^^* 

5^? 17- K«*^*to-frT«**n<5«ttK{fc«:i«««:d»b 
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&&tii^<D&itttitZ>o :W "o w o^lT^s, 

[0 0 6 8] "1" *>»-frtt, "0 s ^iC^lO 
la, 10 1b«:i7-K^«t^, 

*wt*Hi 102a, 102b nmizmik u miss^/i 

Eilll 3<0«ft*-|fi]«t "1" ■Ctt+X*r|p)t?*>-5^ 
b, E7— Ktffi^ibl^ CtlttS 2 
fb*W<0H«tt*tT*>bS¥fT^i:Rfls-r« 0 t£oT, 

S 0 riid*" 1" ^lt^5 0 
[0 0 6 9 ] #C*C, iEft 

n^r^b, +X*rpj©a*Sr»&*-erSl7— K«aK*r* 

10 2aT-|)^ ^-Ki^T'l^lOla^r^ 

[0 0 7 0 ] " 0 " 0>»«S\ * 2 1 3 tDmikjjfa 

\*-XjjfaX-tbZ 0 ^Efll 0 la*fnJ{C!7— K«SSS:SS 
•T^ + X*-|S]{C»HKttSl lOaft^fpX. — *, 17 

- K«« 1 0 lafcdK**^»*ttJBiaK4JB 1 1 *>*ffc 
*rp)tt^IH*r* t> Htpfl£fk;a3£iB 2 0, 3 0 cD^-ft^ft 

^-x^ftT-&Sfc#>, ffiWl:l^g2i, 3U 

lRli:-X*[6]T-fcSo ^ot, "0" <7>0#I2, 57— K« 
«0*»T!lS««d»b«»ttlctt6. r*U4, "0" 4: 

[0 0 7 1 ] " 1 w C0#-&, m 2 BSttg 1 3 <D«ft*lRl 
tt+X^fPl-CfcSo 5cBPl 0 la*|fiI*CI7— K««*ri« 

ri: + x*|pijcjisi*ttjii i<oa-fb3&srRi< Q — a\ 57 

- Kl«l 0 la**Sfc^»^ttm«teJi i i <r>W\l 

irfttewimomtmmm 2 1 , 3i^i:-x^r^ 

So mtt, iSSSrSt t? HtrifrfcBSJI 2 0 , 3 0 (Dm 
«Wft^#+X*i$]&rai^fcj8 2»ttJi l 3 J: DSti^fc 
#>Tfc£o ftot, "1" 7 — Kt^Otit- 

is»«:d»bi««:au:ft5o rnw:, "i" 

[0 0 7 2 ] , ii^o^^^feTl^iE^co-oo 

[0 0 7 3 ] *IBwmr AMfc:tetf 6«S*afci:aft; 

i^W-MRitOv^t^yi^oT^ biC 
f£#Blcf&ej-r£o Hi ltt, «ftH*«&Rtfft^»* 

i (a)ir'oMn (b)ir*r «:3$2W£ji 
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5ffiff5S*tI±Htt*lfi£ttiil 10ft^i:^#^ 

■7 ^ t-;p-^(c 14 1 C < ftBJ |c T t ^ f V -isX<Dm& 
*fS]**IBUfCo Hill (a) CO "0" (C#LT, +H 

fc, S¥ffft*ttt3^«fcJxS. 5pfTftift««:*t« (MR 

So f2H4ii 3(c "i" 3&4E»*ixfcttttS: 

mil (b) tc^-fii!), -H^^TOQ-f 
SifiM l l 0>«flS2&*K<E U r^KttJfcoaffc* 

^ &*>±jtf 0 Kflsa* "0 M £ "l" ffgir^SSfe^ 

[0 0 7 4 ] Hi 2(c, IftiSI«rBtt5*8ROM 

4r^-To + H*f6]<Z>aj?-3:*££-tir5B£* H 1 C^fM 
R AMT-(4^^^{C^:^ni01a^"fS]Om^4r«t-ro Hi 2 
(a) 14 "0" , 11 2 (b) 14 "T !rS2IKSIl 

COMRAMOv -Y t-^-yr-i^ , Iftl^g 2 0 (2 
1, 22, 23) £30 (3 1, 32, 33) 0»^C 
* 9B 1 l tit^+HUftlZisy h-TSo 

KJiWBfcofWincj: BjRuaMiJBi loatffcttTc^flt 

iciSo *2ittii 3tc "o" 

40 Snfetttt-CW: (112 (a)) , + H^£rEP#QL*: 

/h) (c^fb-rso 1 2iftii 3{c "i" 3ft«is»sn 

fcttffiTtt (B12 (b) ) , +H^#4:Pfl^0Lfc^, 
f pffi#i:lf^ iSS*t^bi«S*t (MR/MW (c 

^(D^T-, "0" , "1" T'ft^-^ir^ii^ Jjfrfcm 

S c 

[0 0 7 5 ] H9(4, IliOTti^^B^MRA 
5^7 Mtcio^r, E7— K««E<cJ:S«2tt«*a»SriE«W^ 
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^fttc^-r*rffiB-C#>5o 19 (a) M2«Il3 
"0" *8E»Lyt«lBSr, 0 9 (b) 14 "1" SriEfifc 
L^tt«*-€rtL*ti^LT^So Sl8ttS 1 1 (7)^ 

-tZt. t<Dmt£tf^ filttl l l <D8Mfc;#|pia*H<E 

[0 0 7 6 ] ro*-fkHft/ittH i ic^-r^ eyMI 
fcFIb;h,5 *><£>T-f4tt< , B2 0«fc:flfc5ctf&jRJR£i4* 
fc5*tt»»fc*5«ffcHJeJl6 2, 6 3»5:i: 

fcJt^, P<BlHH*tS«>5r r <D^I4, 

P<d&£<dx tf >1ftajRicj;5*flsB5£JI 2 0 , 3 0 i: 

n i: tft & j: t? d> & ^ #a r- z> m& urn teg # m * 

[0 0 7 7 ] JblE<D|£^f£lejo^TI4, B&^J&StJKi: 
*flSBSJI#*E»fc*LTRtffcnT:fcD , ^rO(}£cD 

[0 0 7 8 ] J^iit^PJ Lfc«ftB«Ji0>flUB 

[c^ e*y h y^/uMStc tr-M@ti 2 o , 30 

y i?/Kc^At6(7)^P^<7c^^^-^ P 1 £&>fj-T^ 

14* Vis bis^KiM^teKXh. H4o4X(c««;» 
aUli:W:**5*tt*f»^J:S«<kBSJi6 2, 6 3^: 

2 t'y h ^/MRSr/Bi^S^flsBSJi 20, 30i 

{££9, ^ y orflRl (P1+P2 + P 

i) t»<t5Ci^*, 

mmz.^^xh, wiripi, mtm'fcsv&z p 2 1& 
*#<^s^«ftB3ejB^a*3^a«snftti^«>, 9 
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*tf»«fbB«»»*SP*IH*llc, h>^/H 
ftl^lSS^ft* P 2 3&^KW«-»»-r5^ ; ey ir 

[ 0 0 7 9 ] fflU<DMMmm\CiS\,^Xl** 

£ «^B £M Hffa» & # 

[0 0 8 0 ] ^^y-ir^^r-7 h y y ^ *tfcl£E«-r £8£ 
MJ4, flfcfl:B5£JlJ4, — ^^Dt/H^LWI 
<<>OT-i4fc<> »®-T5^^y i?/M£;ttLTt>H«co 

/<? «j*Srt>fefe-r 0 Hi 014, * h^/uwcgyoa 

A*fc5^ flfc^SStJKl 0 3 , 2 0 3, 3 0 3iiiCtt 
«^5«fMfttt«l&LT*>5. **I4. IftSRJRlO 
3, 2 0 3, 3 0 3£Ht)i*i»^SM7 0 1, 7 0 

2 fcspfT^sa«sixri^. mitm^me2 3 

(aoT, ±(:l^M2 0 3 i:2 0 2OW:^L 

^tOJSHlcfcSfl^JgStlRl 0 2 , 1 0 3, 3 0 2, 3 

0 3Mltt>, -to«<k*[S]S:B3ei-6flPfflS:tor 

[ 0 0 8 1 ] *«S©MRAMfli, S*£Mf4, S i C> 

SO I «?«U£0)X^#ttttfffSS^ffl 

^htlZo SOIliO^ftl^ELTRANfe, S 

1 mo xa* ^*t*a#i«T* s. t<om, mte& 

iOSi^Mi^ (10 0) WSlt\ 
[ 0 0 8 2 ] 1WE*tR±fc«ft«ttlll«r»«-t-SjR, '< 
30 yyymxt. JRiattKJ: 0 TBB«>*B S *ai^/^=¥— 

flPASttSo Ta, Cu, C r ^c73#m^B^S i N, 

Si02,Ai 2 o 3 fojiiW^^bn5^> SKtm 

^«»««t«0#»<paiW*JcJ;orW:, *ALft<t 
'< y yrM<^mW-\^, 2-1 0 nmOfiI^» 
»T*>S 0 r*U4, j«JBt*«fe^J:oTW:2 nmJ: D*^ 
i:ft^*(cJ:SJRK^-(DHJHd^9 , — 10 

[0 0 8 3 ] * e^*aK^»*, i: urf4i» 

^ ft^ffll^n^o Cu, Ag, Au, Al, Mgfffl 
<Dm&\$, l-10nm^)fii^&lT^6o ^K(4, 

SJR*Sl-J:or i nm*Ifii, &^^<:5tc^:5 f> 
*«*t35«»aL*lf 5 . 10nm^r®X. 

[0 0 8 4 ] xezs bis^mnm&s *«ttf itr 

^ I4*6*^ffl^bix5o A 1 , Si, 
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cu, Mgm<Dmk& j ?mfcyofrm^htiz>&, 

bixS. ^ttS^Rf li, 0. 5-5 nmCO|£S^*f 

SgT-&>£ 0 ^I^fti:j;oro. 5 n m^ffix 

< ft£fc£>T-<fcS 0 
[0 0 8 5] K«M^|T*fc^f l fl&ftJI £ 

ft 9, I Uttg^fttiii, » 2 rafts a* 

(c<^fc^^^yii^Lt«it5o ft&, *«^^33 

&) \z.&mji ^ * ^ ^ t> co urn t-tz>» 
[oo8 6] suraa-*, %2W&mtnmm&^ 

l^LT, f^5nmOCoi:f^30nmOFeMn 

e , Co, N i F e , N i F e C o , F e C o , CoF 
eBb^tMPW, TbFe, TbFe Co, 

f liftS, I 2lfig(Z)lf tl 2-100nm^ 

[0 0 8 7 ] Si*«{fcfl|o»«&fc:tt, ^ 

[0088] I13I1 <t LtilWkBti 

3T'ft SSHBttiJi 1 1 , 1 2 , 9g2&&m 1 3 

d>b*5«««aKi 0l:llLT*Ilti 6 
fkB*Ji 6 2 3&«*>5. StEl ir^fiStJRl 0 ^(OBBJC 

\*m&m 7U\ stfkBSA 6 2 <D±\a$m#m 7 2& 
no, 6 4 , mtmizm 6 2 , m&m 1 2m 
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$iittg 1 1 tm<tm^me 2 tt-&m:m^< 

[0 0 8 9 ] I13CI1 I«#«^Jl:fDOtt 

mic&^x, mtm^me 2oi#t\ i ngn 1 

^r«s:fti:*Lr^5. ^{b^^ii6 2, f lifts 
70 11, g2Mi 3 GO + tf^Hm, *n-PJx<D«-ft* 

jtWiaoTf llttH 1 1 *>|Rl#a*R<EU S2^ 
164 (Dj^tS, 2 n m— 2 0 n m^i^MtS ^ 

i rasa iu wje-&*3&«*# <4d ia^r it 

1 1 IttS 1 1 ICM^Ml^I 6 2 (DjgS 

< ft "9-r^rif^^^sft Km^^tix.ru 

£5* — 20nm^ii6^ raffcB^Jl 6 2<D#j 

[oo9o] miKmtm&m^tim&izh. mm. tm 

T R j£ L «D JH f < fc * ft ^ S » « # £ * ± + 6 IE 4 
[0 0 9 1 ] *l«ttJB/*«ttJB/fS2«ttJI^feftS 

-5Qcm2^Sft^T*, > ^- y ^i^^mWi'th b =7 

^ [0 0 9 2 ] ©ftS*LjR±^a|[#j»^0(W^RWS«fe» 
S i O 2^S i N, A 1 20 3 & if (DtemttW 

£^^illET^^ ^t>^T'^ t? , 5 — 1 000nm 

[0093] m n<nm$&Zhi*, * y?>>ifr%im<F>Wt&. 

U<l^f«tty^t«foTM^4 
5^ S-frr^* y JB(D««*fi]4rft3e-t-sr irTltaSJx 
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[0 0 9 4 ] agttfltlCtt. A 1 ^Cu, Au/^'lttt 
$C^$|f{>lT-#:£ *) i><DX~&>*) , 100~~1000nm<^ 

[0 0 9 5 ] ±l50**f*f * JBJCW-rSJDXf^Ktt, 7 

thy y/77>f-l;ft:i^ii5ajSito/^^^^ 

^^!)^/, MB E«<D^*DO#«*ifed«a«T# 
[0 0 9 6 ] 

[0 0 9 7 ] (iW'll) lUKC, *j*JtflFIJt?ffll^* 

5 e l^IIitrS i ll, 2 1, 3 1<D%$ 

lOSlftlHTNi 80Fe20 % 12, 22, 3 
2^BSttl^LTCu, 1 3, 2 3, 3 3 CDf£ 2 tf>3S 
Bttl^LTCoSrffl^S. 11, 12, 13^bf 
TKi^ilOi\ 2 1, 2 2, 2 3^^fTlS 
2 0 3 1, 3 2, 3 3 ^btrlg@^l 
3 0#»J*S*LT^* B 4 l(D/^77li ITS i 
N, 5 10t*<li:irAl^v>T^5o i»{MSl5 1 
li, Otft4S«tfltl ooSilci/TU^teSiS i N£ 
irir#4Lrfc^ miT-teji,a<T£fc#>5 iai 5 
1 b{z#m irt/T irt^ e 
[0098] m*<oM3L\a*. 7* bv tv 

(a) - (f) 13, ^tDjJDX^JBSr^rH^fcS. §7 
(a) t (b) , H7 (c) t (d) , 87 (e) * 

(f) ^nfMSr^t, ^iisc, H7 

(a) , (c) , (e) \Z*:<D¥-mm. 17 (b) , 

(d) , (f) &mm¥-^m<p<Dx-x' mx-nmmm 

[0 0 9 9 ] ST, 17 (a) f£^T, * £ L + 2 P , 

*RttfcS«&*'^*^«l::Aix, fi»:JRTSo 9J«ffi 
*5X1 0-5Pa^T^^ttt-, /^77i4K'fc 
6S iN, f liSttll 1, 2 1, 3lT-&£Ni80 
F e 2 0 , ^BSttS 12, 22, 3 2T*^5Cu, $2 
II4H 3, 2 3, 3 3"CfcSC o*J(Sftfi8;JKTSo ^ 
OJRffii, S i Ntt lOnm, Ni80Fe20lilO 
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nm, Cuf35nm, C o(j:i 0 nmt^5o :it\ 

mm&m<DN i 8 o f e 2 0 t?*>ow^ 
s^lt, s 2 ©tti oc o lisieMsr-fc ^ ^ y 

^«feTS«#3fi«li, MS*t^2 0O e £ L*io ric 

LTt>5*#fcJR*u^;* h i^^^LT, y7h 
t7t5^i:ia!3, 17 (b) ^dran««Sr^Ta* 
70 it*. 

[oioo]»:, 17 (c) C/7t?if«^il 

S i N*r«£ 3 5 0 nm«f6 e T h ^T* 

|7 (d) (Wtt^tMSiN^ 

[oioiukc, 17 (e) \z.m-f¥-mffiyt<Dm&m 

7^yv^77^T^St5o ^**&Rtf*:S4R£: 
^^S/^^S{CAiX, A 1 £rili£ 4 0 0 nmSJit^o 

y7ht7t5^<h(a^ 07 (f) (c»r®^Sr^ 

t*#«5 1 ^d-^/^ hwbn, Bfa^*-?^ 

3r#£T'* s> Kfc LT$Sf£T£c 
<7tf [ 0 1 0 2 ] ±*Lfcfls»#ifc*JB^T, ir>-^j^O^ 

[0103] iEo^ci-fe^SrjBirf^iliLfc^^E-y 3?^- 

tt^s^ K ■ ^n— ^BB<©«*Sa<D«#«:#|»T6fc 

- h v *Sff-§-tcj^cr^^T5^#^— v^mstjc 

[0 104] H8I5, B4Nfl:fcW5, !7- KIMS** 

-?jT'*)5o L= 2 0 ju m, W= 2 0 ju m, P = 60y 

A, 7- Kl«8 OmA^^t^ffilt "0" £ 
50 "1" <£>ffli#R7g&, til?n8 8 (a) , (b) \zm 



(12) 
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A= 1 0 mVX-fo 

ia»* n " o M , 

[0105] L, 
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«*UUT*5i?SE«M8*Wc, 10 0m 

5c list 1 . ri-»j -cm^ufciP — 

"1" l^b-^T-l? y^tffO$» 
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[0106] 

[*1 ] 



P/L 


P U m) 


L (/zm) 


AVs (mV) 




0. 5 


1 0 


2 0 




X 


1 


2 0 


2 0 




X 


1. 5 


3 0 


2 0 




X 


2 


4 0 


2 0 




X 


2. 5 


5 0 


2 0 


2.2 


O 


3 


6 0 


2 0 


2.2 


O 


3. 5 


7 0 


2 0 


2.5 


O 


4 


8 0 


2 0 


2.1 


o 


4. 5 


9 0 


2 0 


2.3 


o 


5 


10 0 


2 0 


2.3 


o 



[0 10 7] {mMffl2) H2l:, *^2f6Wtc*5W5* 
SrRWT^So lttSffi, lllifl^Wl, 12 

fs^atts, i3i«i2©attttit*>5. li, i 
2, 1 3 &&t>*tTmf\i&$Lmi o&mmztix^z. 
4ii^^77g, 5 1 \*m&m&7*'t'o mitms in 

0 2T^H<tSfcJi)5 I at 5 lblC^fiJL 

V^/MC^U »*OlB»Wfttt:^H7 1 0 Oco^rfttcBS 
{fcBy^jl 6 2 , a&SStJ^ 1 0 , B£{k@^S 6 3 coflltC 
SfixSi? V^^iS^iSfr^5 1 £^EP 101a, 101b 

[0108] Mi^ltD^^r C o (Cf I tfc^ 

n. . 



S^PSrffSSLtf:. mf'Jl^^^y^i:**^ ait 
[0 10 9] L, PW^Hfta^t^M^!) 

ttfco Sot, ^{b^5£JI<D:g£ P£M< 
^*a*4r**^#S«aft^*>SC ^3&sfed»ofc. ate 

[0110] 





RU 


[^2] 


P/L 


P iit m) 


L (/im) 


AVs (mV) 




0. 5 


1 0 


2 0 




X 


1 


2 0 


2 0 


2. 2 


O 


1. 5 


3 0 


2 0 


2. 3 


o 


2 


4 0 


2 0 


2. 2 


o 


2. 5 


5 0 


2 0 


2. 1 


o 


3 


6 0 


2 0 


2. 2 


o 


3. 5 


7 0 


2 0 


2. 3 


o 


4 


8 0 


2 0 


2. 2 


o 


4. 5 


9 0 


2 0 


2. 1 


o 


5 


10 0 


2 0 


2. 2 


o 



[0 111] (Hft«3) H3Jc*:|g«SW(c*5W5** IS, BBrt*{bWcj:5^lf>'h>-*^S[oa*«aK*: 

5i(Z)MRAMoioisw^to ia 3 iz^-rm+Mtfi so c©aft««:fliiiRiisjB«a«>aftH3ejiSrRtf 
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fc*^«iS<z>— 0Jr*>5 o lttS8u H> 2 1, 3 1 
ttjBltf>3SfiM4Ji, 1 2. 2 2, 3 2l«lttl, 1 
3, 2 3, 3 3 !3^203£B£ttJlT-&>£ e 11, 12, 
n^WT^gtJilO^, 2 1, 2 2, 2 3 1: 
*fc-frr«ftB*JB 2 0^, 3 1, 3 2, 3 3&-£fr-& 
TMi^l3 0^f^^ntl/^o 7 1, 7 2 
S^to «*«7 1|j:lHKttIll, 2 1, 3 1 
(C, 31^7 2li*2«ttJRl 3Ci^l:gSlt^ 

7U7 2IJtiifii, Ttl5^v^^, _b3fll? v^^<Jr 
0&aiifiLT±ffii?^;**KKi«;h,5o fiMHtf>Sa«S£ 

[0112] ^«I(Cfj:, 7t hyy/77^H 
^^^L, i^W^l, tftSttRl 0 fc«-fbH*« 3 

o (ib^lcWblSlao) £ cox^fftcop^Rf £p 
i, M^|30 (fcfet/tc«{fcB3EJi 2 o) ©x^ 
[^](7)I^P 2 t LT, friwico^r, L, PI, P 

[0 113] ^WWJRo^Rtcfi^^y^SgeSrffi^ 
T, %mE.Jj 5X10-5Pa ^Tt% ?V#itK 7 1 CO A 
1,^1 ttttJI 11, 21, 31 CON i 8 0 F e 2 0 , 
2, 2 2, 3 2 ©A10x, »2«ttSl 
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3, 23, 33COCo, it&^JgOO S i N , ^#£1 7 2 CO 
A 1 co^JRStjSJRL^o Rfftt^iven, 7 l co 

A 1 £: 2 5 nm, %\ SSttgCON i80Fe20^25 
nm, ^ttiOAlOx^rl. 2 n m , ^ZW&M<n 
C o & 2 5 n m, igttjft 7 2 CO A 1 & 5 0 n m, f&ftJR 
OSiN^llOnmi Lfc 0 - ^T, ^l^^ScON 
i 8 0 F e 2 0l4ftHtttSt*D»4Ii LT, f 2 

So J^ttST'feSAlOx^KlCli, teC#>Al£ 
/<? *'*$/^L*:#, SirtCSI^AlTlOOOPa 
T-l 2 5MI ItA 1 Ox»ftK»«Lt, r.COA 

*4MK^«rE« 7lc^^^co^^-f-5^#^ll£ 
IS, i^f^T2 0Oe^Lto 
[0 114] L, PI, P2W*45H*10t>'7 F ;l' 

P2/U2. 5J^Ji<b-r5^<?:T*^v^{Illco^:^co^ 

[0115] 
[^3] 



P2/L 


P2(/im) 


p 1 (^m) 


L (wm) 


AVs 
(mV) 




0. 5 


1 0 


0. 5 


2 0 




X 


1 


2 0 


0. 5 


2 0 




X 


1. 5 


3 0 


0. 5 


2 0 




X 


2 


4 0 


0. 5 


2 0 




X 


2. 5 


5 0 


0. 5 


2 0 


7. 1 


o 


3 


6 0 


0. 5 


2 0 


7. 2 


O 


3. 5 


7 0 


0. 5 


2 0 


7. 5 


O 


4 


8 0 


0. 5 


2 0 


7. 5 


O 


4. 5 


9 0 


0. 5 


2 0 


7. 7 


O 


5 


10 0 


0. 5 


2 0 


7. 5 


O 



[0 116] (%ftft|4) **K«^*5ftS* 

S, i2i«fitt|, 1 3fi*2co3iattJir-fc5o 1 
1, 12, 1 3^i?triSg*iJSi o^M^nt 

a^@3£S 6 2,6 3 3ft4«*a«:JKO«KX*rpI 
CfSSnT^S. 7 1, 7 2li»#«S:/Tt. 
7 lttfflSf£Jll ItC, *f*«g7 2ttK2«tt«l 3C 

R*^Lr»ft»7 2 WJ*-r6)Jc!7- KIKSrRtf Tl^S 
(^FH^> o S^7 U7 2li^nm, T^i?^^ 50 



to^ISSRil 0 &iIiBLTii«i?>;*iK^8e*t 
5. ««OE»:»£ttir>;*IK£ 57 — 

[0117] m*<Diwj:\z&, 7t hyy^?7^y 

7ht7S:««l&. «ft»aJK^«ffc»*«lX*|6l^ 

3 (ftbt/{c«-fbBSJi 6 2) <b cox^facoP^Rf^rP 
1, afti£|6 3 (ftbWw*fbB3e/B6 2) <OX2f 
(p]coS^ £ P 2 £ LT , MWCo^T, L, PI, P 
2 C0^$^T^X.^^>"7 P /U^^^fFSiL/to 

[0118] «ftB*JB<oW»*c oicXXLfc&* 
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[0 119] L , PI, P 2 (OH^Sltfta^-^^^/^ 

om«o^T-{f #^S*"5IIM^if 5*^«fiE4r?f *o 
it, P2/Ll:l. 5gl±i:t^r^t^7^{D^ 
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fklH^JB^)*^ P2^J:^h^< T^^^ilo? — K 

$£oT, B*-rs«*Stt«HIoH*:t? (PHP2 + 
Pi) £M<T-#, J: 

10 Z>o 

[0120] 
[^4] 



P2/L 


P 2 < u m) 


P 1 (urn) 


L m) 


AV s 
(mV) 




0. 5 


1 0 


0. 5 


2 0 




X 


1 


2 0 


0. 5 


2 0 




X 


1. 5 


3 0 


0. 5 


2 0 


7. 2 


O 


2 


4 0 


0. 5 


2 0 


6. 9 


O 


2. 5 


5 0 


0. 5 


2 0 


7. 5 


O 


3 


6 0 


0. 5 


2 0 


7. 1 


O 


3. 5 


7 0 


0. 5 


2 0 


7. 5 


O 


4 


8 0 


0. 5 


2 0 


7. 2 


O 


4. 5 


9 0 


0. 5 


2 0 


7. 3 


O 


5 


10 0 


0. 5 


2 0 


7. 4 


O 



[0121] (Hftfl5) H l 4 t£, *5£H£0yic*5tf<5 
*IBOMRAMOffiO«ffl^,Tt, 11411 MSI 

^i4iiT-^5o ii, 12, i3t*b-frri«8R« 

^ttil 1 3 _tiC, 6 2 Rtf#«ttJi 6 4 

S^n^o 7i, 7 2iiiM^tc ?*8 7i 
l^2Wii3C, IM72li8fkl£l62l:« 

feii^it^i7 2 ^p^r^nc?- k«£ ura 

[0 12 2]#^MII1 ^^j/^S6«*r^v^ 
r , ^Jitffi^ 5xlO-5Pa Jt^TT', a§f£iS 7 1 O A 
1 , ft 1 ^ttg 110Gd21Fe79, f^W&M 1 2 

OA i o x , m 2m&m l 3 d 2 l F e 7 9 , {gift 

I^S i N, 2 OA 1 , IWttl6 40Cu, 

WbB£H 6 2 0T b 2 6F e 7 40#H«rJSftJK Lfc. fll 



1 1 (7)G d2 1Fe7 9^rl5ni, #MEf£Ji 1 2 OA 1 

0 x £ 2 . 2 run, ^ 2 1 3 OG d21Fe79£r 
4 0 nro, 72OAl£:50nro, ftil^) S i N £ 

6 0 nm, #Efl£f£Jl 640Cu£:5nra, 6 2 O 
Tb26Fe74^50nm^Lt o ::t\ ft HKttJB 1 

1 ttWSJi £ LT, f 2Ki 1 3tt^ y mt LTI 
J0 t^-r^o «iI12T^6A10x^SCll ttfc 

OOPaT-1 2 5MILTA 1 O x BKfcJRSrT^J* L 

ffi#«*:LrarA*n/tK**:l»#, &OGd2 1Fe 

7 9 J^O/&J^£rfTo^ 0 

[0 12 3] L, W^i^^StlOt^^ (^^y 

[0 12 4] ife, **JEWc:js^Ttt, flfcflsBSJBi: 
ffii^oTP5^ £<o#M4JIWU B&^SStJElcjotf 

tifci>oT-*>t?, *ftBSJio»», jRfffcssssK-r 



(15) 

27 

sriicioT, [0 12 5] 
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L/W 


W (^m) 


L (j/m) 


AVs 
(mV) 




1 


5 


5 


4 12 


O 


1 


1 0 


1 0 


1 0 8 


o 


2 


1 0 


2 0 


6 5 


o 


1 


2 0 


2 0 


2 3 


o 


1 


3 0 


3 0 


1 1 


o 



[0126] 10 

^M^§t5ci^<, flat b< xt^j-t 
^hWibn, si^^yKi, ^nfflo^s^tt -20 

[BB©«*ftR«] 

[Hi] **««7>B£fee«t«iPI C**jfi<EH8tfbB5£* 
tRItfcMRAM (^tf^tkgLS) <D«*««r«aWK: 

[12] m&&ftm<Dxe ft <om&#Wfrh 

*5*-fliH3eJB*:RWfcMRAM If V 1ft SLID G0#£ 

[H3] *»wo**»ttfliirai:jB«aw*ffcH3eJi 

[14] tftfittR^)^ ^ h >*;mK^C5lttttS 

[05] MR AM(OlMWI«:R53t5«« H-C* D , 
(a) liMRAM (^^VlRaS) O*J*0k (b) , 
(c) ttfS-g-lEft, (d) ~ (g) »{R#W*ORbf|sJB 

[07] HMjl^MRAM (^eyftSLI) <DftUy 
Bt^tR«tSB"C*>5, (a) i (b) tt^-^ 
ffc$tt3tB£$ctlgStao^:«XS, (c) £ (d) tejfeJS 
«*>J»RXa, (e) i (f) litftit^-y-^ 

[18] ^Jfe^iJlOMRAM (^b'yfSLl) {Cjoij-S 
»t»(t#8»0-««:jptH'r* 9 , (a) 13 "0" 
#f£> (b) » "l" *t«Kc*5l*SfR*»»*r*-#-. 



f *> & , ( a ) Wt " 0 " ( b ) 12 " 1 " ttttfc** 

[010] JS««4©MRAMtri/^ftLfcift«r« 

[011] «(DMRAM^*5(t^)W-MRlt-7^t 
-/L.-^^^5C^(c^-r0T-^^ o 
[012] *«S.OMRAMl^ltS»#-MRtt:7^ 

[013] *«W<Daat«<kJB«c JiS* h^/^i 

[014] xz>* e> h>-*/Ms 

it(7)MRAM(7)-«t^S, ^J£#'J 5 (OMR AMOM 

[*?#■<£>!& 0J] 
l 



1 0 




1 1 


«!««■;■ 


1 2 




1 3 




2 0 




J0 2 1 




2 2 




2 3 




3 0 




3 1 




3 2 




3 3 




4 1 




5 1 




6 2 




40 6 3 




6 4 




7 1 




7 2 




10 0 





10 1a 

10 1b ^SECOfS]^ 

10 2a $££.-tZ>mR<Dfa$ 

10 2b £8&#tf>ft£ 

10 2 ^£tfg£tJg£ 

103 mn&tiim 



2 0 2 m$5te.ffl& 

2 0 3 tt£i«ttjR 

302 mtammm 

3 0 3 ®£v*g£tgl 
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(16) 
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6 2 3 ^-ftS^ 

7 0 1 

702 mwm 



[gii ] 



Sib 




[02] 




(18) 



2001-195878 




im9] 





G>) 'I 



(19) 



4#M 2001-195878 



im7] 





Al 
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[88] 



Vsense 



Iword 




2mV/div 

Chi Pk-Pk 
S.lmV 



M I Pk-Pk 
3.2omv 



50mA/div 



Chi S.AtimVHC 



500 s/tfhr 
h Wqus Cfi I '/ ' l.tmV 3 26 Apr i»gg 



14:13:26 



(a) 



Tftk Run: looks/s Average 



? 



Vsense 



2mV/div 



Iword 




SOOii s/diV * 



50mA/div 



25 Apr 1999 
14:15:06 



(b) 



(21) 
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